a specific inhibitor of the reproduction of many enteroviruses (8, 13, 14) . Echoviruses and coxsackieviruses are more sensitive to HBB than are polioviruses (8, 15) . HBB inhibits the synthesis of viral ribonucleic acid (RNA) polymerase (3) . The available evidence indicates that inhibition of viral RNA and capsid protein synthesis is secondary to inhibition of the formation of the enzyme required for the synthesis of viral nucleic acid (3, 10) . Possible effects of HBB on the development of virus-induced cytopathic changes in infected cells under single-cycle conditions have not been reported. Inhibition of viral cytopathic effects by HBB in multiple-cycle experiments (8) may be largely due to prevention of spread of infection through inhibition of virus production in the few cells infected by the inoculated virus (16) .
In the present study, we have found that HBB, like guanidine in the case of poliovirus (1, 2) , delays the appearance of virus-induced morpho- Increasing the multiplicity severalfold resulted only in a moderate increase in the proportion of cells which became infected by the inoculated echovirus 12 . This is illustrated in Table 1 Effect of HBB on echovirus 12-induced cytopathological changes. Table 2 shows the results of an experiment in which the rate of development of echovirus 12-induced cellular changes was followed both in the presence and absence of HBB in cultures of monkey kidney cells inoculated at a virus-cell multiplicity of 62. Immune serum was added 2 hr after infection to limit infection to a single cycle (column 2, Table 2 ). HBB, added 1 hr after infection, greatly delayed the virus-induced morphological changes (column 3, Table 2 ). At 9 hr after infection, no significant virus-induced cytopathological changes were observed in HBB-treated cultures, whereas 47% of cells had become rounded in the absence of HBB. By 19 hr after infection, only a small percentage of the cells showed virus-induced damage in 
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HBB-treated cultures, but by 39 hr after infection the majority of the initially infected cells had become rounded. As expected, the effect of HBB on the development of cytopathological changes in the absence of immune serum was the same as in its presence. In infected cultures which received neither HBB nor immune serum, there was evidence of spread of infection at both 19 and 39 hr. Plaque titrations indicated that no infectious virus was produced in HBB-treated cultures. We concluded that, although HBB greatly delays virus-induced morphological changes in infected cells, it does not prevent their ultimate occurrence.
In other experiments, the development of cell rounding in echovirus 12-infected HBB-treated cultures was followed for a period of 7 days in the absence of immune serum. The cultures were inoculated at a multiplicity of 18, which results in infection of 21 to 31% of cells (see above). Figure 1 shows the mean results of three such experiments. The untreated cultures were followed only for 2 days, because 87% of the cells already showed virus-induced damage at 24 hr after virus inoculation, and nearly all cells showed cytopathic effects in 2 days. Clearly, the virus produced in the initial cycle infected other cells, and, in the absence of HBB, the cycle was repeated until all cells had become infected and degenerated. In contrast, in HBB-treated echovirus 12-infected cultures the proportion of damaged cells was only 17% at 24 hr, and, at 48 and 72 hr, it was 33 and 37 %, respectively, clearly indicating that up to and including the third day morphological changes developed only in the proportion of cells initially infected by the inoculated virus. However, on the 6th and 7th days after infection, 65 and 72% of the cells were affected, respectively. Because of this apparent late spread of infection, it was of interest to determine whether multiplication of virus had occurred in spite of the presence of HBB. Comparative studies of virus production and development of virus-induced cell damage were carried out. Figure 2 shows the yields of echovirus 12 on consecutive days in the presence of HBB, and the percentage of affected cells in such treated, infected cultures. As in the previous experiment, the percentage of damaged cells in HBB-treated cultures reached about 30 within a period of 3 days after infection. By the 7th day after infection, 82% of the cells were damaged, a value similar to that observed in the previous experiment. There was no multiplication of the virus detected in the HBB-treated cultures in the first 3 days. However, by the 4th day after infection, and thereafter, an increase in infectious echovirus 12 was detected in spite of the presence of HBB from the beginning of the experiment.
On the basis of previous studies (15) , it seemed probable that the echovirus 12 (Table 3 ). In contrast, the virus which had grown in HBB-treated cultures was able to form plaques both in the presence and absence of HBB in the overlay, and was therefore drug-resistant.
Effect of HBB on coxsackievirus B4-induced cytopathological changes. In the following experiment, the development of cytopathological changes in coxsackievirus B4-infected HBBtreated cultures was followed for a period of 7 days. The cultures were inoculated at a multiplicity of 18 PFU/cell, which results in the infection, on the average, of 13 Fig. 1. and 7th day, the degree of virus-induced cell damage remained constant at about 10%. This indicates that HBB delayed, but did not prevent, the development of virus-induced cytopathological changes. Figure 4 shows that no multiplication of coxsackievirus B4 occurred in HBB-treated cultures over the entire period of 7 days. The cytopathic changes in this experiment also showed no significant increase after the 3rd day. It thus appears that in coxsackievirus B4 virus-infected HBBtreated cultures only the initially infected cells showed morphological changes. The extent of this damage remained constant as HBB prevented multiplication of the inoculated virus and thereby the spread of infection, and, at the multiplicity used, no drug-resistant mutants emerged capable of multiplying in the presence of the inhibitor.
Comparative study of the effects of specific immune serum and HBB on cell damage induced by echovirus 12 and coxsackievirus B4. 
